The classification of the dwarf mistletoes comprising the Arceuthobium campylopodum-occidentale complex continues to be one of the most difficult taxonomic problems associated with this important group of parasitic flowering plants. The complex consists of four taxa: A. campylopodum Engelmann, A. occidentale Engelmann, A. littorum Hawksworth, Wiens & Nickrent, and A. siskiyouense Hawksworth, Wiens & Nickrent; all of which are morphologically similar, flower and disperse seed in the fall, and parasitize hard pines. We collected morphological measurements for these four taxa from throughout their geographic ranges and used non-parametric and multivariate statistical analyses to compare morphological differences among them. Our analyses demonstrated that male plants of A. littorum and A. siskiyouense can be delimited morphologically; therefore, we recommend that both taxa continue to be recognized as species. Although, our results indicated that A. occidentale is very similar morphologically to A. campylopodum, it can be distinguished from the latter species using morphological characters, particularly for female plants. Furthermore, because A. occidentale flowers and disperses seed nearly one month later than A. campylopodum, we recommend it continue to be treated at the species level pending additional study. Comparative morphological and phenological differences between and among the species studied herein are summarized and can be used for field/ laboratory diagnosis of these taxa.
Dwarf mistletoes (Arceuthobium spp., Viscaceae) are obligate, parasitic flowering plants that are considered to be a taxonomically difficult genus. Because of their parasitic habit they have undergone extreme morphological reduction, which has resulted in many taxa being morphologically similar (Gill 1935, Hawksworth and Wiens 1996) . Dwarf mistletoes are dioecious plants and sexual dimorphism between the sexes is pronounced for some species and less so for others (Hawksworth and Wiens 1972, 1996) . Because there are often morphological differences between male and female plants, taxonomic descriptions often include morphological data for each sex. Furthermore, because the dwarf mistletoes are obligate parasites of many economically important members of the Pinaceae in the western United States, Canada, and México and are relatively host specific parasites, their host affinities are considered to be an important consideration for their taxonomic classification (Hawksworth and Wiens 1972, 1996; Mathiasen and Daugherty 2007 , 2009a , b, 2013 .
The classification of the dwarf mistletoes closely allied with Arceuthobium campylopodum Engelmann has continued to be one of the most difficult taxonomic problems associated with this important group of parasitic flowering plants (Hawksworth and Wiens 1972, 1996; Nickrent et al. 2004 ). These dwarf mistletoes parasitize closely related hard pines (Pinaceae) in Pinus subsect. Attenuatae Burgh, Pinus subsect. Ponderosae Loudon, and Pinus subsect. Sabinianae Loudon (Hawksworth and Wiens 1996; Price et al. 1998 ). However, the susceptibility of affected pines varies considerably depending on the population(s) of dwarf mistletoes parasitizing them (Hawksworth and Wiens 1996) . In addition, these dwarf mistletoes are morphologically similar, flower and disperse seed in the fall, and are sometimes sympatric.
Engelmann first described Arceuthobium campylopodum in 1850 based on a specimen collected on ponderosa pine (Pinus ponderosa Douglas ex Lawson & C. Lawson), likely from northeastern Washington (Gray 1850; Gill 1935; Hawksworth and Wiens 1996) . Then in 1878, Engelmann described A. occidentale Engelmann, a species very similar to A. campylopodum, based on a specimen collected on gray pine (Pinus sabiniana Douglas ex D. Don) in the southern Sierra Nevada Mountains, California (Kern County) (Wheeler 1878) . In their first monograph of Arceuthobium, Hawksworth and Wiens (1972) recognized A. occidentale as a valid species and listed its principal hosts as gray pine, Monterey pine (P. radiata D. Don), and Bishop pine (P. muricata D. Don). They maintained that A.
MADROÑ O, Vol. 62, No. 1, pp. 1-20, 2015 occidentale could be differentiated readily from A. campylopodum based on phenology, morphology, geographic distribution, and host preference (Hawksworth and Wiens 1972, see pp. 112-114) . They also concluded that A. campylopodum was a principal parasite of ponderosa pine and Jeffrey pine (P. jeffreyi Greville & Balfour) and only occasionally parasitized gray pine.
Following additional studies of the dwarf mistletoe populations parasitizing knobcone pine (P. attenuata Lemmon) in northern California and southwestern Oregon, Hawksworth et al. (1992) described A. siskiyouense Hawksworth, Wiens & Nickrent as a separate species from A. campylopodum based on host range, morphology, phenology, and other physiological discontinuities. They also segregated A. littorum Hawksworth, Wiens & Nickrent from A. occidentale, basing their classification of A. littorum on similar criteria used to separate A. siskiyouense from A. campylopodum. The delineation of A. siskiyouense from A. campylopodum and A. littorum from A. occidentale was also supported by electrophoretic analyses of several isozymes (Nickrent and Butler 1990, 1991) . Therefore, in the most recent monograph for Arceuthobium worldwide, Hawksworth and Wiens (1996) maintained the classification of what they termed the Arceuthobium campylopodum-occidentale complex as four distinct species: 1) A. campylopodum, which was primarily a parasite of ponderosa and Jeffrey pines distributed from northern Washington to Baja California, México; 2) A. occidentale, which was primarily a parasite of gray pine in the foothills surrounding the Central Valley, California; 3) A. littorum, which was a parasite of Monterey and Bishop pines in coastal California; and, 4) A. siskiyouense, which was primarily a parasite of knobcone pine in northern California and southwestern Oregon. Although Hawksworth and Wiens (1996) , as well as Hawksworth et al. (2002) , indicated that the morphological and physiological differences between the taxa in the Arceuthobium campylopodum-occidentale complex clearly supported their classification as species, molecular phylogenetic analyses using nuclear ribosomal internal transcribed spacer (ITS) and chloroplast trn T-L-F sequences have suggested these species may be conspecific (Nickrent et al. 2004 ). Nickrent (2012) subsequently recombined A. occidentale, A. littorum, and A. siskiyouense as subspecies of A. campylopodum because of their overlapping host ranges, similar ITS and chloroplast DNA sequences, and morphological similarities. However, Mathiasen and Daugherty (2009a) compared additional morphological data collected for A. siskiyouense and compared their results with the data for A. campylopodum reported in Hawksworth and Wiens (1996) . They concluded that A. siskiyouense should not be treated as a subspecies of A. campylopodum as was later proposed by Nickrent (2012) . Likewise, Mathiasen and Daugherty (2013) reported additional morphological measurements for A. occidentale and A. littorum and concluded that the morphological differences between these taxa also supported their classification as distinct species.
Although the morphological data presented here for Arceuthobium siskiyouense, A. littorum, and A. occidentale have been previously reported (Mathiasen and Daugherty 2009a, 2013) , additional morphological data was needed for A. campylopodum before all four species could be compared using the same morphometric analysis. Because a detailed analysis comparing these four species using both non-parametric univariate and multivariate statistical techniques had not been completed, we undertook this study. This more robust statistical examination of morphological characters for the A. campylopodum-occidentale complex has been recommended (Nickrent et al. 2004; Mathiasen and Daugherty 2009a; Nickrent 2012) . Furthermore, the need for a detailed morphometric analysis of this complex was justified because of the recent treatment by J. Kuijt (Baldwin et al. 2012 ) in which A. siskiyouense, A. littorum, and A. occidentale were circumscribed under A. campylopodum. Because this highly conservative treatment of the A. campylopodum-occidentale complex appears to ignore the morphological and host range differences reported in the scientific literature cited above, a more stringent morphometric analysis of the complex was clearly needed.
METHODS

Sampling and Measurements
Previously, the senior author collected morphological data for Arceuthobium siskiyouense from its pine hosts (Pinus attenuata, P. jeffreyi, and P. contorta Douglas ex Loudon) for 15 populations in northwestern California and southwestern Oregon ( Fig. 1 ) (Mathiasen and Daugherty 2009a) . In addition, the senior author sampled eight populations of A. littorum along the Pacific Coast of California and 28 populations of A. occidentale throughout most of its distribution ( Fig. 2) (Mathiasen and Daugherty 2013) . Morphological measurements were made from plants of A. littorum from five and three locations where it parasitized Bishop and Monterey pine, respectively. All of the morphological measurements made for A. occidentale were from locations where it parasitized gray pine. From August 2009 to September 2012, we sampled 60 populations of A. campylopodum throughout most of its geographic range specifically for this study. This sample consisted of 30 populations on ponderosa pine and 30 populations on Jeffrey pine (Fig. 3) . Voucher specimens consisting of the mistletoe with host material were deposited at the Deaver Herbarium, Northern Arizona University, Flagstaff (ASC), or the University of Arizona Herbarium, Tucson (ARIZ). Voucher information and specific population data, including GPS coordinates, have been archived electronically in the Southwest Environmental Information Network (SEINet 2014). Detailed voucher data and a map for each collection location can be retrieved with SEINet using the collection number and herbarium listed for each location in Figures 1-3 .
For each mistletoe population, 10-20 male and 10-20 female infections were collected separately and the dominant plant (largest plant) from each infection was used for morphological measurements. The dwarf mistletoe plant characters measured were those used by Hawksworth and Wiens (1996) for the taxonomic classification of Arceuthobium taxa. The following morphological characters were measured: 1) height, basal diameter, third internode length and width, and color of male and female plants; 2) mature fruit length, width, and color; 3) seed length, width and color; 4) length and width of staminate spikes; 5) staminate flower diameters for 3-and 4-merous flowers (5- Plants were usually measured within 12-h, but no later than 24-h after collection. Only plants that were still attached to their host's branch and were fully turgid were measured. Measurements were made using a digital caliper (Mitutoyo America Corp., Aurora, IL) and a 73 hand lens equipped with a micrometer (Bausch & Lomb, Bridgewater, NJ). The basal diameter of plants was measured at the point where the plant was attached to the host branch. The width and length of the third internode above the base of plants was included in our morphological analyses because these characters have been frequently reported for dwarf mistletoes and provide information on the relative size and thickness of male and female plants (Hawksworth and Wiens 1972, 1996; Mathiasen and Daugherty 2007 , 2009a , b, 2013 . The length of the third internode was determined by measuring from the top of the second internode above the base of a plant to the top of the third internode, locations which are easily observed (see Fig. 2.1, 2.3, and 2.9 in Hawksworth and Wiens 1996) . The width of the third internode was measured at its midpoint. Staminate spike and flower measurements were made during the peak of anthesis and fruit and seed measurements were made during the peak of seed dispersal. Sample sizes for most morphological characters measured varied among the four species sampled because of the number of populations (8-60 populations) sampled and plants or plant parts measured per population (10-20 per population) also varied.
Statistical Analyses
We assessed whether values for morphological characters differed between and among species using Welch's t tests to accommodate unequal sample sizes and variances (Zimmerman 2004 (Hawksworth and Wiens 1996) , male and female plants were examined separately. Discriminant function analyses classification compared actual species membership defined a priori via field diagnosis to predicted species memberships according to only female or male morphologies. Because previous molecular phylogenetic analyses failed to resolve these taxa to separate species (Nickrent et al. 2004 ), separate DFAs for female and male plants were performed using equal prior probabilities for each species (25%) rather than proportional to their occurrences in the data set(s). Standardized correlation coefficients for morphological characters were also calculated to assess the overall contribution of each character to the discriminant function, providing the principal morphologies separating the dwarf mistletoes. Likewise, stepwise DFA was utilized to systematically examine the smallest number of morphological characteristics, female or male, resulting in the highest precision in species classification (%, actual/predicted). To further validate the DFA, we separately resampled the original (complete) data set for female and male plants; selecting at random 50 complete records per species and re-executing the DFA using a fullmodel (i.e., all morphological characteristics simultaneously; and with equal prior probabilities). Non-parametric tests and DFAs were computed in JMP Pro 10 (SAS Institute, Cary, NC).
RESULTS
The mean heights of female plants for all four taxa were similar, but female plants of A. siskiyouense were significantly smaller than the other species (Table 1 , Appendix 1). Mean plant heights for male plants were also similar, but those of Arceuthobium littorum were significantly larger than A. campylopodum and A. siskiyouense; whereas, those of A. siskiyouense were significantly smaller than the other taxa. The mean for the basal diameters of male and female plants ranged from 3.0-3.9 mm across all four species. However, the mean diameters for female plants of A. occidentale and A. siskiyouense were significantly smaller compared to the other two species. The mean basal diameter of male plants of A. littorum was significantly larger when compared separately to the other three species, while the basal diameters of A. occidentale and A. siskiyouense were significantly smaller. The length of the third internodes of female plants for A. occidentale was significantly smaller than A. campylopodum, A. littorum, and A. siskiyouense (Table 1) . However, for male plants, length of the third internode was largest and significantly greater for A. littorum when compared to the other species examined. Although the mean width of the third internode for male and female plants only varied from 2.0-2.7 mm, significant differences were evident between and across species with male and female plants of A. littorum possessing the widest third internodes followed by male and female plants of A. campylopodum, A. occidentale, and A. siskiyouense, respectively. The mean width of the third internode and the mean basal diameter of plants was smaller for A. siskiyouense and A. occidentale than the other two species, thereby, indicating plants of the former species are consistently more slender in appearance than those of A. campylopodum or A. littorum.
The staminate spikes of Arceuthobium littorum were significantly longer on average than any of the other three species, but staminate spikes of A. occidentale were also significantly longer than those of A. campylopodum and A. siskiyouense. Table 1) . The mean diameter of 3-merous flowers was much larger for Arceuthobium littorum and similar for the other three species (Table 1 , Appendix 1). The mean diameter of 4-merous flowers was similar for A. campylopodum and A. occidentale, largest for A. littorum, and A. siskiyouense was intermediate among the other species. Petal lobe dimensions were similar across all four taxa, but the mean length of petal lobes was greatest for A. littorum (Table 1) . Similarly, the mean width of petal lobes only varied by 0.1-0.3 mm between the species, but was significantly different. Mean anther diameter for A. littorum was significantly greater than A. campylopodum and A. occidentale, but not A. siskiyouense. Although smaller than A. littorum, the mean anther diameter of A. siskiyouense was also significantly greater than the anther diameters of A. campylopodum and A. occidentale. However, the mean anther diameters for the latter two taxa -A. campylopodum and A. occidentalewere identical.
Mean fruit length only varied from 5.2-5.4 mm, but was significantly different for Arceuthobium littorum and A. campylopodum than A. occidentale (Table 1 ); mean seed width followed a similar pattern. The mean length of seeds was significantly less for A. siskiyouense and mean seed width greatest for A. campylopodum, but mean seed width was not significantly different among the four taxa.
Plant color of A. littorum was dark green to dark greenish-brown and distinctly different from those of the other three species. Plants of Arceuthobium siskiyouense were dark brown to reddish-brown whereas those of A. occidentale consistently were yellow to yellow-green or straw in color and typically highly glaucous, giving them a bluish tinge. Plants of A. campylopodum 
None observed Only one 5-merous flower observed 5.7 (0.5) [20] None observed Petal Length were yellow, yellow-brown, or olive green and, if glaucous, this was found primarily near the base of older plants.
Comparing morphological measurements for male and female plants of Arceuthobium campylopodum collected from Pinus ponderosa and P. jeffreyi, we found no significant differences among any of the mean values calculated (Table 2) . Although measurements for most of the morphological characters varied slightly between plants collected from the two hosts, the standard deviations for many of the characters we examined were similar. It is, however, noteworthy that we collected and measured female plants over 25 cm in height from P. jeffreyi in western Nevada (near Bowers Mansion) and over 20 cm from P. ponderosa in northern California (near Pollock Pines) ( Fig. 3 : sites 39 and 37, respectively).
The principal characteristics separating the four species are summarized in Table 3 and a key for identifying them in the field is provided below.
Discriminant Function Analyses
Means and associated 95% confidence intervals for morphological characters of female and male plants across predicted species according to full-model discriminant function analyses (DFA) are presented in Table 4 . Discriminant function analyses of eight and 10 female and male morphological characters, respectively, demonstrated clear interspecific separation of Arceuthobium littorum and A. siskiyouense as well as the latter two species from A. campylopodum and A. occidentale. For DFA of female plant morphology, results indicated significant differences existed among eight morphologically informative characters for A. campylopodum, A. littorum, A. occidentale, and A. siskiyouense (Wilks' l 5 0.3393, Approximant F 24,2845.8 5 53.54, P , 0.0001; Pillai's Trace 5 0.88, Approximant F 24,2949 5 51.28, P , 0.0001); classifying 75.0% (744/992) of the specimens to the correct species. The first two canonicals (discriminant functions) explained 86.3% of the total variation (Table 5 ; Fig. 4A ) with A. littorum, A. occidentale, and A. siskiyouense correctly classified (predicted/actual) to species 99.0% (99/100), 72.7% (160/220), and 80.0% (152/190) of the time, respectively. Standardized correlation coefficients, indicating the relative importance of individual female morphological characters in defining the discriminant functions (canonicals), are listed in Table 6 . Width of the third internode, seed length and Data for morphological characters are means; plant heights in cm and all other measurements in mm. Numbers in bold face type represent key morphological or phenological differences between the taxa. Host susceptibility classification based on information in Hawksworth and Wiens (1996) and Mathiasen and Daugherty (2009a (Table 7) , the multivariate means of all four taxa did not intersect in ordination space when analyses were executed using all eight morphological characters (fullmodel) with either the complete or resampled data set ( Fig. 4A and C) . Table 5 ). However, unlike the full-model DFA on female plant morphology, the first two axes described greater than 95% (95.8%) of the variation among male plants (Fig. 4B) and five morphological charac- Table 7 . Multivariate means (squares) were computed using complete data for each species by sex (A, B) , whereas, to further validate the DFA, means were also calculated using a random subset (50 complete records/ species) of female (C) and male plants (D), respectively. For each species (A-D), the inner ellipse correspond to a 95% confidence limit for the mean, and the outer ellipse represent a normal 50% contour illustrating the approximate area within which 50% of plants for each species reside.
ters -staminate spike length and width, anther diameter and distance to tip, and width of the third internode -contributed most to predicting species membership (Table 6 ). Using these five morphological characters in the DFA of male plants, total correct classification (predicted/ actual) was 74.8% across all four taxa; yet, A. littorum (90.0%) and A. siskiyouense (99.1%) rarely were misclassified, compared to A. campylopodum (66.3%) and A. occidentale (67.0%) which were more often incorrectly classified (Table 7) . In addition, 24.0% (144/600) of male plants identified in the field as A. campylopodum -many collected from known populations of A. campylopodum (Hawksworth and Wiens 1996) were predicted to A. occidentale and, likewise, male plants of A. occidentale (21.4%, 43/200) sometimes were misclassified as A. campylopodum. Species membership for male plants of A. littorum and A. siskiyouense, however, rarely was predicted (#2.0%) to either A. campylopodum (1/ 100 and 0/210) or A. occidentale (2/100 and 1/210) when all 10 of the male plant morphological characters were considered. Furthermore, male plants of A. littorum and A. siskiyouense were readily distinguishable from one another and separable from A. campylopodum and A. occidentale when jointly comparing only the dimensions of staminate spikes, anther distance to tip, and the width of the third internode ( Table 7) . The distinct morphological differences between male plants of A. littorum and A. siskiyouense as well as their comparisons to male plants of A. campylopodum and A. occidentale also were maintained when DFA was applied to the reduced, resampled data set (50 complete records/taxon; Fig. 4D ).
DISCUSSION
Morphological Comparisons
The most distinct species of the four taxa in the Arceuthobium campylopodum-occidentale complex are A. littorum and A. siskiyouense. Arceuthobium littorum can easily be distinguished from the other three taxa by its geographic distribution along the coast of California, plant color, length and width of staminate spikes, width of the third internode on male plants, anther distance to tip, flower diameters, occasional formation of 5-merous and rarely 6-merous flowers, and parasitism of P. radiata and P. muricata (Mathiasen and Daugherty 2013) (Table 3 ). In addition, isozyme analyses (Nickrent and Butler 1990) and secondary branching patterns (Mark and Hawksworth 1981; Nickrent and Butler 1990) distinguish it from the other three taxa in the complex. Furthermore, Nickrent and Butler (1991) demonstrated that A. littorum could be differentiated genetically from A. campylopodum by differences at nine isozyme loci and the presence of a sex-linked MDH-3 allele in staminate plants.
Although Arceuthobium siskiyouense is morphologically similar to A. campylopodum (Mathiasen and Daugherty 2009a) , the results of our morphological measurements demonstrated that these species can be distinguished using several characters. The most conspicuous morphological difference between these species being plant color, width of the third internode for male and female plants, and the staminate spike width of male plants (Table 3) .
Arceuthobium siskiyouense is more difficult to separate from A. occidentale based on the independent examination of morphological discontinuities, but it can be distinguished from A. occidentale by its plant color, smaller mean plant size for male and female plants, smaller basal diameter and third internode widths, and its smaller staminate spike dimensions (Table 3) . As demonstrated by standard and stepwise DFA, female and male plants of A. siskiyouense can also be delineated from A. occidentale and A. campylopodum using a single female and male morphological character -width of the third internode and staminate spike width, respectively ( Table 7) . It is, however, difficult to distinguish A. siskiyouense from A. campylopodum based on host range because A. siskiyouense severely parasitizes both P. attenuata and P. jeffreyi and its parasitism of P. ponderosa remains uncertain (Mathiasen and Daugherty 2009a) . Because A. campylopodum also severely parasitizes P. jeffreyi and P. attenuata (Table 3) , using infection of these hosts to separate A. siskiyouense from A. campylopodum remains problematic and not practical for the purpose of field identification. The separation of Arceuthobium occidentale from A. campylopodum as distinct species using morphological characters is the most difficult based on our data (Tables 3 and 7 ; Fig. 4) . Populations of these taxa are morphologically similar as our univariate and discriminant function analyses demonstrated. Male plants of A. campylopodum were most often misclassified in our DFAs as A. occidentale and likewise, incorrectly classified male plants of A. occidentale commonly were predicted to A. campylopodum and rarely A. siskiyouense. Although DFA of female plants using the full-suite of morphological characters provided better resolving power to species/taxon membership than male plants, particularly for A. occidentale (Table 7 ; Fig. 4 ), nearly 31% of female plants for A. campylopodum were classified incorrectly, and as noted previously for male plants, the majority of misclassifications were predicted to A. occidentale. However, when all of the morphological characters measured for male and female plants were used, the DFA results demonstrated that both A. campylopodum and A. occidentale were correctly classified from 69-78% of the time ( Table 7) . The principal characteristics separating A. campylopodum from A. occidentale were plant glaucousity and phenology; A. occidentale plants were highly glaucous and A. occidentale flowered and dispersed seed much later in the fall than A. campylopodum (Table 3) . In fact, in stands where these dwarf mistletoes are sympatric, the best approach to delineating these taxa is to use their phenological differences. Using timely observations in October or November, one can readily differentiate A. campylopodum and A. occidentale by determining which plants are flowering and/or dispersing seed (A. occidentale) and which have already completed these processes (A. campylopodum).
Our analyses are among the first to compare morphological characters of the same species of dwarf mistletoe collected from different hosts. The only other study of this nature was conducted by Mathiasen and Daugherty (2009a) for Arceuthobium siskiyouense when they compared morphological characters for plants collected from two principal hosts and one occasional host. They found little difference in the means and ranges for the majority of the morphological characters examined for plants collected from the principal hosts of A. siskiyouense, but plants as well as flower diameters and fruit dimensions measured from the occasional host were slightly smaller on average. Therefore, we expected that A. campylopodum collected from Pinus ponderosa and P. jeffreyi would also demonstrate some morphological variation, possibly resulting in small, yet, significant differences. However, no significant differences were evident for any of the morphological characters measured for male or female plants of A. campylopodum on separate principal hosts as many of the means were identical (Table 2) . Furthermore, the ranges and standard deviations for the characters we examined were also similar. The largest differences in standard deviation were for measurements of the height of male plants and the length of the third internode for female plants, but the means for these characters were nearly the same. These results and those of Mathiasen and Daugherty (2009a) support the concept emphasized by Hawksworth and Wiens (1972, 1996) that species of dwarf mistletoes maintain their morphological identity when they occur on different hosts.
Host Range Differences
The host range of three of the four taxa in the Arceuthobium campylopodum-occidentale complex clearly overlap; only A. littorum has distinct (i.e., species-specific) host affinities parasitizing Pinus radiata and P. muricata along the coast of California. Arceuthobium siskiyouense is a primary parasite of P. attenuata, but has been reported to severely parasitize P. jeffreyi as well (Mathiasen 2009 (Mathiasen , 2011 . Although Hawksworth and Wiens (1996) reported that A. siskiyouense only rarely infected P. ponderosa, further work on this mistletoe-host relationship is needed because the susceptibility of P. ponderosa is based solely on a single population of A. siskiyouense near Gasquet, California (Hawkworth and Wiens 1972; Hawksworth et al. 1992) . Our observations at the same location could not confirm the susceptibility of P. ponderosa to A. siskiyouense as we were unable to locate this host-dwarf mistletoe combination there. Species boundaries between A. campylopodum and A. occidentale are less clear because their host ranges overlap insomuch as both P. attenuata and P. coulteri are highly susceptible to each species and both mistletoes parasitize P. ponderosa, P. jeffreyi, and P. sabiniana to varying degrees. Currently, P. attenuata and P. coulteri are considered as secondary hosts of both A. campylopodum and A. occidentale, but our observations at several locations in southern and northern California suggest these pines may be more susceptible to both dwarf mistletoes -possibly warranting the promotion of these pines to principal hosts. Further data are also required on the susceptibility of P. ponderosa to A. occidentale, which is currently considered to be only an occasional host (Hawksworth and Wiens 1996) . However, our observations at several locations along the western slope of the Sierra Nevada Mountains indicated P. ponderosa is likely more susceptible to A. occidentale than an occasional host. Furthermore, our observations of A. occidentale infections on P. jeffreyi were not adequate to estimate host susceptibility in this dwarf mistletoe-host combination, but Hawksworth and Wiens (1996) considered P. jeffreyi to be an occasional host of A. occidentale. The host ranges of A. campylopodum and A. occidentale clearly overlap and additional research is needed to better quantify the susceptibility of all these hard pines to both mistletoes.
Phenology
The flowering and seed dispersal periods of Arceuthobium littorum, A. siskiyouense, and A. campylopodum overlap; flowering occurs from mid-August to early-October while seed dispersal occurs from mid-September to mid-October (Hawksworth and Wiens 1996; Mathiasen and Daugherty 2009a, 2013) . Flowering period and seed dispersal of A. occidentale, however, occurs much later in the fall; flowering from midOctober through late November with seed dispersal beginning in early November and generally concluding in December -occasionally ending in early January of some years (Hawksworth and Wiens 1996; Mathiasen and Daugherty 2013) . Peak flowering of A. occidentale, therefore, does not overlap with that of the other three species and, although populations of A. occidentale on P. sabiniana and A. campylopodum on P. ponderosa are rarely sympatric, flowering periods likely preclude gene flow between these dwarf mistletoes. Gene flow between A. littorum and the other three taxa certainly is precluded because it is not sympatric with them. However, A. littorum does occur within approximately 60 km of A. occidentale in Monterey and San Luis Obispo Counties (Mathiasen and Daugherty 2013 ), yet it is unlikely that pollen can be transferred effectively over 60 km by insects and/or wind (Hawksworth and Wiens 1996) . As noted by Mathiasen and Daugherty (2013) , the seed dispersal period for A. littorum requires additional study because Peirce (1905) reported previously that this species -classified as A. occidentale in his report -dispersed seed as late as December and January in some years.
separating taxa remain consistent and significantly different, regardless of the host. Similarly, although Hawksworth and Wiens (1972, 1996) maintained that subspecies of Arceuthobium were usually geographically separate, field studies have now demonstrated that the geographic distributions of most of the currently recognized subspecies overlap, but that the subspecies can be distinguished using host ranges, phenology, and morphological characters (Wass and Mathiasen 2003; Mathiasen 2008; Mathiasen and Daugherty 2007, 2009b; Scott and Mathiasen 2009) .
As previously noted, Hawksworth and Wiens (1972, 1996) considered subspecies of Arceuthobium to be ''geographically restricted populations'', but it has now been demonstrated that most of the subspecies they recognized have relatively extensive geographic ranges. Furthermore, most of the subspecies described by Hawksworth and Wiens reportedly are sympatric with other subspecies of the same taxon (Wass and Mathiasen 2003; Mathiasen and Daugherty 2007; Mathiasen 2008; Mathiasen and Daugherty 2009b; Scott and Mathiasen 2009 ). Thus, the inclusion and application of geographic restriction within the definition of subspecies in the genus Arceuthobium is now inadequate. Therefore, the interpretation of what constitutes ''a few relatively small but consistent variations'' is left to individuals studying the large number of complex dwarf mistletoe populations with very similar morphological characteristics and that parasitize a diverse range of hosts with varying degrees of infection (i.e., immune to severely infected). As with other groups of morphologically and ecologically similar plants, the dilemma presented is how best to interpret and weigh, collectively and without bias, variations in morphology, phenology, ecological adaptations, and molecular evidence in order to derive a consistent classification concept that is phylogenetically sound and, yet, practically useful to individuals and organizations interested in the classification/identification/management of dwarf mistletoes. Because dwarf mistletoes are extremely important both ecologically and economically, an emphasis must be placed not only on their phylogenetic relationships, but also on their ecological and pathological roles in forest ecosystems. Therefore, recognition of the host affinities developed by dwarf mistletoes -which often are host/mistletoe specific -is critical in their classification as we consider differences in host preference(s) to reflect corresponding and underlying genetic differentiation between populations. Accordingly, dwarf mistletoe taxa that parasitize closely-related hosts and can be delineated statistically across multiple morphological characteristics should be classified at the species level. The number of statistically significant differences between morphological characteristics can be amended to consider consistent differences -accordant differences demonstrated across populations and geographic distributions -including plant color, number of petals consistently produced in several populations, differences in phenology, and geographic isolation that has prevented gene flow between populations over a substantial period of time as demonstrated for A. littorum versus the other species in the A. campylopodum-occidentale complex.
Based on our statistical analyses of morphological characteristics of the Arceuthobium campylopodum-occidentale complex, we concluded A. littorum and A. siskiyouense were sufficiently differentiated from A. campylopodum and A. occidentale to remain classified as species. This conclusion is also supported by other studies of these taxa (Hawksworth and Wiens 1996; Mathiasen and Daugherty 2009a, 2013) . We also recommend that A. occidentale continue to be classified at the rank of species because it could be separated consistently from A. campylopodum by several significantly different characters and our DFA demonstrated that species membership of A. occidentale identified a priori in the field could be correctly classified using female or male plant morphology over 70% of the time. It can also be distinguished from A. campylopodum by its much later flower and seed dispersal periods which suggests that the opportunity for outcrossing between and/or among populations of these mistletoes likely is limited, if it occurs at all. However, additional multilocus molecular studies (e.g., genotyping via amplified fragment length polymorphism [AFLP] analysis) and studies of the host susceptibility of the hard pines to these dwarf mistletoes should be completed. If additional molecular and field studies can demonstrate that populations of A. occidentale can be genetically differentiated from A. campylopodum and reveal definitive discontinuities in host preference between these dwarf mistletoes, then the treatment of A. occidentale at the specific level could be applied with even greater confidence.
In light of the morphometric analyses presented here, we recommend that the taxa in the Arceuthobium campylopodum-occidentale complex continue to be recognized at the specific level by individuals or groups interested in the conservation, management, and/or taxonomy of dwarf mistletoes. We, therefore, urge botanists and other resource specialists involved in the systematics of dwarf mistletoes in California to follow the treatments and use the taxonomic keys proposed for this group of parasitic plants in The Jepson Manual: higher plants of California (Hickman 1993) or the Hawksworth and Wiens (1996) monograph for Arceuthobium rather than using the highly conservative treatment of the genus recently presented in the revised Jepson Manual (Baldwin et al. 2012 ). The latter treatment groups all taxa in section Campylopoda Hawksw. & Wiens, series Campylopoda distributed in California under A. campylopodum, thereby greatly reducing the number of Arceuthobium spp. in the state. Similarly, Nickrent (2012) reclassified all species in series Campylopoda, except A. divaricatum Engelmann, to subspecies of A. campylopdoum. Both of these treatments completely disregard and fail to integrate the large set of scientific literature available on the morphological, phenological, chemical, and host range differences among the dwarf mistletoes in series Campylopoda. As a result, these treatments also obscure the interspecific differences reported here, as well as those repeatedly demonstrated in the extensive historical and contemporary literature related to the morphology, ecology, and pathology of the A. campylopodum-occidentale complex. Furthermore, the taxonomic recognition of the taxa in this complex follows the philosophy outlined by Baldwin (2000) and Baldwin et al. (2012) regarding the need for the classification of natural groups of higher plants, even when the morphological or molecular evidence indicates these taxa are cryptic. As Baldwin (2000) emphasizes, managers involved in biodiversity management and plant conservation need to consider the taxonomic recognition of cryptic taxa because their classification as species or subspecies allows for the protection and, hence, future study of natural groups of plants that may otherwise be ignored. While borderline cases will emerge in circumscribing species, and particularly subspecies -a likely byproduct of the phylogenetic ''toolbox'' utilized to examine the plant(s) in question, the classification of cryptic taxa is nonetheless needed so that these evolutionarily distinct populations can be conserved. If they are not recognized taxonomically, and thereby remain unnamed, their conservation can clearly be compromised.
KEY TO THE ARCEUTHOBIUM CAMPYLOPODUM-OCCIDENTALE COMPLEX A key to the Arceuthobium campylopodum-occidentale complex for use in field identification of the species is provided below. Basal Diameter Female P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Male P , 0.0001 P 5 0.0494 P , 0.0001 P , 0.0001 P 5 0.3329 P , 0.0001
Length Third Internode Female P , 0.0001 P 5 0.3985 P 5 0.3397 P 5 0.0003 P , 0.0001 P 5 0.9521 Male P 5 0.9039 P 5 0.8573 P , 0.0001 P , 0.0001 P 5 0.5421 P 5 0.0005
Width Third Internode Female P , 0.0001 P , 0.0001 P 5 0.0099 P , 0.0001 P , 0.0001 P , 0.0001 Male P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001
Staminate Spike Length P 5 0.0005 P 5 0.4472 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Staminate Spike Width P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Flower Diameter 3-merous P , 0.0001 P 5 0.1725 P , 0.0001 P , 0.0001 P , 0.0001 P 5 0.0052 4-merous P 5 0.0121 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001
Petal Length P 5 0.0005 P , 0.0048 P , 0.0001 P , 0.0001 P 5 0.9988 P , 0.0001 Petal Width P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Anther Diameter P 5 0.9277 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Anther Distance to Tip P 5 0.0001 P 5 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 P , 0.0001 Fruit Length P 5 0.0001 P , 0.0001 P 5 0.1000 P 5 0.0279 P 5 0.4056 P 5 0.0005 Fruit Width P , 0.0001 P , 0.0001 P 5 0.9948 P , 0.0001 P 5 0.4589 P , 0.0001 Seed Length P 5 0.9759 P , 0.0001 P 5 0.4293 P 5 0.6079 P , 0.0001 P , 0.0001 Seed Width P , 0.0001 P , 0.0001 P , 0.0001 P 5 0.4767 P 5 0.8442 P 5 0.2808
